The serogrouping of isolated beta-hemolytic streptococcal colonies from throat cultures by a micronitrous acid extraction method employing Phadebact Streptococcus We have previously demonstrated that the Phadebact Streptococcus Test can be employed with the use of a minimum of five well-isolated beta-hemolytic streptococcal colonies derived from a primary blood agar isolation plate from throat cultures (14, 15) . Recently, the coagglutination procedure was modified so as to permit the serogrouping of five well-isolated colonies from primary plates that were extracted with a mixture of Streptomyces albus enzyme and lysozyme (2).
The serogrouping of isolated beta-hemolytic streptococcal colonies from throat cultures by a micronitrous acid extraction method employing Phadebact Streptococcus Test reagents was compared with results obtained with the direct-plate Phadebact procedure and the autoclave and Streptomyces albus enzyme-lysozyme extraction methods. These data were compared with those from the Lancefield grouping obtained with a capillary precipitin test. The micronitrous acid extraction method was modified to yield an uncomplicated method that provides specific coagglutination responses from one beta-hemolytic streptococcal colony that may be collected from a primary blood agar plate either on the end of an applicator stick or from a sweep of an inoculating loop from mixed growth.
We have previously demonstrated that the Phadebact Streptococcus Test can be employed with the use of a minimum of five well-isolated beta-hemolytic streptococcal colonies derived from a primary blood agar isolation plate from throat cultures (14, 15) . Recently, the coagglutination procedure was modified so as to permit the serogrouping of five well-isolated colonies from primary plates that were extracted with a mixture of Streptomyces albus enzyme and lysozyme (2) .
The nitrous acid extraction (16) was previously described as a method that can extract the group-specific carbohydrate from streptococcal cell walls from single colonies as well as from tonsillar scrapings (3). The nitrous extraction method was also shown to extract more group antigen than either the Lancefield hot HC1 or Fuller formamide techniques (3) .
We describe the application of a micronitrous acid extraction method in combination with the Phadebact Streptococcus Test reagents for the seroidentification of single colonies of beta-hemolytic streptococci obtained froui mixed cultures from primary throat culture plates. The nitrous extraction method will be compared with the autoclave method (6, 7, 13) and the S. albuslysozyme extraction methods (18) 12 to 18 h. The plates were then observed for the presence of beta-hemolytic streptococci with the application of Gram straining and the determination of hemolytic and catalase activity (5, 8) .
Isolated colonies of beta-hemolytic streptococci from each clinical primary plate and stock cultures were selected and employed for the direct-plate coagglutination method with the Phadebact methods (14) . Other isolated colonies of beta-hemolytic streptococci were respectively extracted for their group-specific antigen by means of the autoclave, enzyme, or nitrous acid extraction procedures. Similarly, other bacterial species were extracted by the latter procedures and examined for their cross-reactivities with the Phadebact reagents. In some experiments, single colonies were obtained by touching the end of a sterile wooden applicator stick to a colony and transferring it to a 0. Coagglutination procedures. (i) Direct-plate method. The direct-plate method is described elsewhere (14) . Briefly, five well-isolated beta-hemolytic colonies were picked from the primary culture plates with an applicator stick and mixed with a drop of Phadebact buffer on a microscope slide. A drop of Phadebact reagent was then added and mixed. The slide was then rocked for 1 min and examined for coagglutination with transillumination against a dark background.
(ii) Modified autoclave extraction method (6, 7). One or more colonies of beta-hemolytic streptococci or other bacterial species were added to 0.2 ml of 0.9% saline in a 0.5-dram screw-capped specimen bottle (Fisher). A nonabsorbent cotton plug was placed in the open end of the tube, and the mixture was autoclaved at 121°C for 15 min. After centrifugation the supernatant fluid was employed to serogroup one or more colonies with the Phadebact reagents as described above.
(iii) S. albus-lysozyme enzyme extraction method (2) . One or more beta-streptococcal colonies or other bacterial species were suspended in 0.2 ml of S. albus enzyme-lysozyme extraction solution in a 0. 5 (v) Lancefield grouping. Extracts were prepared for the Lancefield grouping (10) by the autoclave extraction method (13), using 18-h cultures in 40 ml of Todd-Hewitt broth. Commercial antisera (Burroughs Wellcome) for groups A, B, C, D, F, and G were employed in the performance of the precipitin test in capillary tubes (17) .
RESULTS
Sensitivity. The minimal number of betahemolytic streptococci colonies yielding detectable specific-group polysaccharide from 15 strains each of group A, B, C, and G streptococci, as determined with Phadebact coagglutination reagents, generally varied from one to five colonies with the autoclave and enzyme extraction methods. In contrast, the nitrous acid method required only a single colony for the extraction of specific serogroupable substance with all the beta-streptococcal groups examined ( Table 1) .
The variation in minimal number of colonies required for the specific coagglutination response with the autoclave and enzyme extraction methods appeared to be associated with relative size of the colonies selected. Accordingly, some strains of the respective streptococci tested were somewhat larger than others. Furthermore, those colonies selected from isolated areas of the blood agar plate were relatively larger than those closely adjacent to other colonies. However, the relatively small colonies, particularly those representing group C, were always serogroupable by coagglutination by micronitrous acid extractions of their single colonies.
Cross-reactivity. Cross-reactive coagglutination response occurred when autoclave and enzyme extracts derived from each of one colony obtained from 50 strains of Streptococcus pneumoniae were mixed with Phadebact group C reagent. The coagglutination was manifested after 40 to 80 s of mixing the reactants on microscope slides. However, no serological cross-reactions occurred with single colonies of this bacterium when the group C reagent and the nitrous acid extracts were employed. Cross-reactivity for group C Phadebact reagents was not observed with the other bacterial species examined with any of the three extraction methods (Table 2) . No cross-reactions occurred between any of the non-streptococcal strains examined and the Phadebact reagents for groups A, B, and G A determination of the effectiveness of the nitrous acid extraction method for the serogrouping of beta-hemolytic streptococci from mixed growth was next pursued. Sweeps with a loop were obtained from 10 primary plates containing 4 to 300 beta-hemolytic colonies. Each sweep was prepared so as to collect one betahemolytic colony along with a mixture of other throat flora adjacent to that colony. The inocula were then respectively extracted with nitrous acid and examined for specific serogrouping responses as well as for cross-reactive responses with the Phadebact reagents. The coagglutination reaction occurring with the mixed culture method from all the 10 primary culture plates yielded the correct serogrouping with the nitrous acid extract as compared with the results of Lancefield grouping performed on pure cultures of the respective beta-hemolytic streptococci by the autoclave method of extraction. Furthermore, cross-reactions were not obtained with any of the Phadebact reagents when the mixed culture procedures were employed.
The Phadebact test was performed on 171 primary clinical isolates derived from 171 respiratory specimens using the micronitrous acid extraction method. For this investigation, single beta-hemolytic streptococci colonies were respectively transferred on the end ofan applicator stick. No care was taken to pick colonies that were completely isolated from background flora. This procedure, when compared with the precipitin method, permitted the correct identification of all the 171 isolates examined. The direct (fivecolony) Phadebact test permitted the correct identification of the 68 primary beta-hemolytic streptococci isolates which could be tested by this method. These results are presented in Table 3 . (4) as well as from the growth of 18-h cultures from one-half sheep blood agar plates (4) . The present investigation has shown the micronitrous acid extraction method to be applicable to the coagglutination procedure with Phadebact reagents. One major modification of this procedure is the addition of a relatively smail amount of sodium bicarbonate to neutralize the reaction mixture in place of the previously described method which employed a pH indicator and 0.5 (4) or 10 N NaOH (3) to adjust the reaction mixture to pH 7.5. The use of the bicarbonate for the neutralization step is a rather uncomplicated procedure that is performed in a single step in contrast to the latter method. Furthermore, the use of the bicarbonate changed the pH values of the reaction mixture in a range of 6.8 to 7.9. These pH values permitted the specific coagglutination responses to occur optimally.
Unlike the micronitrous extraction methods previously described (3), the reaction mixture was brought to a final volume of 80 ,ul instead of 50 ,ul. This increase in volume was necessary for respectively testing an extract with each of the four Phadebact reagents and did not appear to decrease the accuracy of the coagglutination responses.
The S. albus enzyme-lysozyme extraction method has previously been employed as the means to prepare extracts of five well-isolated beta-streptococci colonies with laboratory-prepared coagglutination reagents (2) . In that report, five colonies were chosen as the minimum VOL. 12, 1980 In another study employing S. albus enzyme, however, without lysozyme, Matthieu et al. observed that two or three colonies of group A beta-hemolytic streptococci were required to yield an easily interpretable coagglutination response (12) . These investigators observed that with minute beta-hemolytic streptococcal colonies more colonies were required to obtain a serological reaction. Furthermore, they pointed out that well-isolated beta-hemolytic streptococci colonies are required for the S. albus enzyme treatment. In the present investigation it was shown that the micronitrous extraction required only a single colony to correctly seroidentify all the beta-streptococcal isolates derived from primary culture plates. Furthermore, a second significant observation concerning the micronitrous extraction method should be stressed. There is no need to employ well-isolated betahemolytic streptococcal colonies with the micronitrous acid extraction method. As shown in this investigation, the micronitrous acid extraction method, as opposed to the enzyme and autoclave extraction methods, does not yield cross-reactive antigenic substances from S. pneumoniae that seroreact with group C antibodies (1, 9, 11, 15) . Thus, this investigation confirms the sensitivity of the micronitrous extraction method (3) and demonstrates that only specific group antigens are detected by this extraction procedure with the Phadebact reagents. Therefore, a mixed-growth procedure, using the micronitrous extraction method with Phadebact reagents, appears to be devoid of the cross-reactivity problems with background flora that are associated with the mixed-growth procedure of the Streptex Latex Agglutination Test Kit (15) , which utilizes pronase as the extraction enzyme.
Although a Phadebact reagent for group D streptococci was not available during this investigation, this coagglutination reagent is presently commercially available. However, the group A, B, C, and G Phadebact reagents will suffice for serogrouping beta-hemolytic streptococci from throat specimens. Group D streptococci are not usually associated with throat specimens, and if they are, they are of little clinical significance (6) .
A potential experimental bias due to variation between lots of coagglutination reagent was apparently eliminated since similar results of sensitivity and specificity occurred with the three different lots of Phadebact reagents employed in this investigation. Furthermore, the grouping methods were performed blind, relative to each other. In summary, the use of the micronitrous acid extraction method and Phadebact reagents with primary beta-hemolytic streptococcal colonies derived from throat cultures provides a relatively uncomplicated and sensitive procedure for the accurate serogrouping of beta-hemolytic streptococci. The procedure allows rapid group identification using one streptococcal colony with Phadebact Streptococcus Test reagents and may be employed with mixed growth without cross-reactivity of group C antibody.
